We report a fully quantitative spectroscopy imaging instrument for wide area detection of early cancer (dysplasia). This instrument provides quantitative maps of tissue biochemistry and morphology, making it a potentially powerful surveillance tool for objective early cancer detection. We describe the design, construction, calibration, and first clinical application of this new system. We demonstrate its accuracy using physical tissue models. We validate its diagnostic ability on a resected colon adenoma, and demonstrate feasibility of in vivo imaging in the oral cavity. 
Introduction
Early detection is essential for managing cancer, since treatment is much more successful when lesions are diagnosed at an early, noninvasive stage. Current cancer diagnosis often employs visual inspection of a wide area of tissue followed by biopsy of suspicious sites. This practice is problematic for two reasons: (1) early cancers are not always detectable by visual inspection, so, unavoidably, unnecessary biopsies are taken for precautionary reasons and invisible lesions are missed; and (2) biopsy suffers from undersampling, and the results are subjective and the resulting pathology can be subject to low inter-observer agreement [1] [2] [3] [4] . Furthermore, biopsy results often are not available immediately, resulting in delayed treatment and patient anxiety.
Much attention has been focused on spectroscopy, particularly reflectance and fluorescence spectroscopy, to overcome these problems. Reflectance and fluorescence are known to exhibit spectral features associated with the different morphology and biochemistry of normal and cancerous tissues. These techniques have the capability to detect invisible lesions, to provide quantitative diagnostic information for objective evaluation, and to be implemented for wide-area imaging, essential requirements for most applications. Wide-area imaging of spectroscopic information is important for complete acquisition of data over a large field of tissue, and to overcome the under-sampling problem associated with biopsy.
Studies of reflectance and fluorescence for tissue diagnosis using optical fiber contact probes for light delivery and collection have been performed by numerous groups in the cervix [5] [6] [7] [8] , oral cavity [9] [10] [11] [12] [13] [14] , esophagus [15, 16] , colon [17] , lung [18] , and bladder [19] , with various degrees of quantitative analysis. Our own work has focused on developing quantitative methods for tissue diagnosis. We use diffuse reflectance and fluorescence, in combination, to extract quantitative information about morphological and biochemical tissue constituents. We call the method quantitative spectroscopy (QS). Diffuse reflectance spectra from tissue are analyzed using a well-developed model to obtain information about hemoglobin concentration and saturation, light scattering parameters, and other tissue characteristics. This method is known as diffuse reflectance spectroscopy (DRS) [20] . Tissue fluorescence, collected from the same spot at the same time, is analyzed using the diffusely reflected light to remove spectral distortions, resulting in the "intrinsic fluorescence" that would be observed in the absence of scattering and absorption, from which contributions from tissue fluorophores can then be extracted. This method is known as intrinsic fluorescence spectroscopy (IFS) [21] . Histological parameters are then extracted by fitting the observed spectra to parameters such as tissue density, blood concentration and oxygenation, and concentrations of collagen and reduced nicotinamide adenine dinucleotide (NADH), determined from calibration of physical models of tissue with known features.
Contact probe techniques are promising, but, like biopsy, suffer from undersampling. To overcome this, various groups have been developing techniques to incorporate wide area imaging in fluorescence and reflectance tissue diagnosis, using a variety of approaches with different degrees of quantitative analysis [22] [23] [24] [25] . Recently, our laboratory has extended our model-based, quantitative approach to wide field imaging. We call the new modality quantitative spectroscopic imaging (QSI). Data are collected by means of a non-contact "virtual" probe, imaged at the tissue surface. This virtual probe is then raster scanned to interrogate a wide tissue area (~4cm 2 ), one spot (1mm 2 ) at a time. The quantitative measurements of tissue properties enable the spectra for each pixel to be analyzed using our contact probe methodology. Hence, the QSI images are directly interpretable in terms of histological features, thus providing a robust diagnosis. This paper describes the design, construction, calibration, and the first clinical application of our QSI system. Studies using physical tissue models ("phantoms") demonstrate the accuracy of QSI. Ex vivo spectral images of a resected colon adenoma demonstrate its ability to diagnose and image malignant lesions. In addition, we present in vivo spectral images from a hyperkeratotic lesion on the ventral surface of the tongue to demonstrate clinical applicability.
The ultimate goal of the QSI system is imaging early cancer. The work described in this paper develops the quantitative mapping methodology required to accomplish this goal. To the best of our knowledge, this instrument is the first that provides quantitative maps of tissue biochemistry and morphology for wide area cancer surveillance.
Instrumentation
The QSI concept extends the quantitative methodology of our contact probe [26] to a wide area imaging instrument. In the contact probe geometry, the optical fiber probe consists of a single light delivery fiber surrounded by six collection fibers. All fibers are fused together at the tip to form an optical shield approximately 1mm long. This arrangement of fibers and quartz shield provides a reproducible geometry of overlapping excitation and collection cones, creating a fixed distance between fiber tips and tissue and a sampling spot on the tissue surface with a diameter of approximately 800 µm. In the imaging implementation, an optical fiber assembly is relayed by optics onto a small region of the tissue, providing a virtual noncontact probe ( Fig. 1(a) ). Wide area coverage is achieved by scanning the imaged spot over the tissue. Note that in this case the arrangement of the delivery and collection fibers can be precisely controlled, providing increased optical design flexibility. We note that the characteristics of our non-contact probe (spot size ~ 1mm in diameter and NA ~ 0.02) differ somewhat from that of our contact probe studies (spot size ~ 0.8mm in diameter and NA ~ 0.22). As discussed below, the probe parameters are incorporated in our reflectance [20] and fluorescence [21] models, and differences in probe geometries can be taken into account, so the correct tissue parameters can be obtained from measurements with either probe. This robustness is an important virtue of our quantitative approach.
The QSI instrument has been developed for clinical settings, and must be portable. As shown in Fig. 1(b) , portability is achieved by placing the heaviest components in a mobile cart and creating a separate lightweight, mobile optical head to be operated by the physician. The design is modular. The three larger modules, mounted in a cart, are connected to the optical head by means of optical fibers. Module 1, the light source module, consists of a 75W CW white light arc lamp (Simplicity series, Newport Corp.) and a nitrogen laser that delivers 337nm light pulses of duration <3.5 ns and energy 175 J at 20 Hz (NL100, Stanford Research Systems Inc.). Module 2 contains a spectrograph/CCD unit (Princeton Instruments Corp.). Module 3 is the computer, which controls data acquisition and analyzes the data. National Instruments Labview software and DAQ data acquisition hardware are used to control and coordinate the various components. Module 4, is mounted on an articulated arm for easy maneuvering. It is located on a smaller cart with wheels, so that the larger equipment cart can be located away from the patient, since space in hospital procedure rooms is limited. Fig. 1(c) is a schematic diagram of the optical head. White light (with NA ~ 0.02) from the xenon arc lamp (CW) illuminates a 1mm diameter "diagnostic spot" on the tissue about 20cm away from the optical head. Diffusely reflected light from a 2mm diameter circle centered on the diagnostic spot is relayed back to the optical head and focused onto eight collection fibers coupled to a spectrograph and CCD. Each of the eight fibers collects light returning from the tissue in different directions, which helps avoid specular reflection. Next, 337nm light (with NA ~ 0.02) from the nitrogen laser illuminates the same diagnostic spot, and fluorescence is collected in the same manner as diffuse reflectance. These two measurements are equivalent to the reflectance and fluorescence measurements of a contact probe.
Wide area coverage is achieved by means of a 2D scanning mirror (OIM102, Optics in Motion LLC), which can tilt by up to ± 1.5° along two orthogonal axes, and thus raster scan the diagnostic spot across a 2.1cm x 2.1cm region of the tissue surface in a stepwise fashion. At each mirror position, a reflectance measurement is made, followed immediately by a fluorescence measurement. Each pair of measurements is associated with a tissue location which correlates with the mirror position. However, this correlation can be affected by patient movement during the procedure. Therefore, the patient's movement needs to be tracked in order to take any shift in tissue position into account. An onboard color video camera (QICAM, QImaging Corp.) tracks the patient movement relative to the instrument by acquiring one photograph of the tissue every second during the procedure. Two white light LEDs (CCS Inc., not shown), which provide extra illumination for the video camera, are turned off during reflectance and fluorescence measurements. We have conducted experiments with phantoms to determine the impact of different working distances on the DRS and IFS measurements. From 21.5cm to 23.5cm, we found that the extracted parameters (A, B, etc.) varied by less than 10% of the values measured at 22.5cm (the optimal working distance). Since the color video camera and the white light LEDs allow us to place the instrument very close to the optimal working distance (well within the + 1cm range studied with phantoms) prior to acquiring data, the instrument always operates very close to the optimal working distance. The total time required for a 2.1cm x 2.1cm scan is approximately 90s at present, but this time can be considerably reduced by using a CCD camera (for spectra) with the on-board memory (to eliminate the data transfer time and greatly reduce the data writing time), and increasing the angle of optical collection (to decrease the CCD exposure time).
After the procedure, we apply the phase correlation technique to determine the lateral translation relative to the instrument of each photograph relative to the first photograph [27] . This technique involves computing the cross-correlation of two images and identifying the coordinates of the maximum value. The coordinates are the two coordinates of lateral translation. We found that phase correlation in the QSI instrument determines the two coordinates of translation within 0.2mm of their true values. Applying phase correlation to each photograph, we track the lateral shift in tissue position at the time of each photograph. This information is then used to correct the interrogated tissue location. We do not account for other types of motion such as rotation or tissue morphing because they are considerably less significant than translation in our studies.
System calibration
We used physical tissue models ("phantoms") with known scattering, absorption and fluorescence parameters to calibrate the QSI system and establish its accuracy. These phantoms consist of mixtures of 10% intralipid (Fresenius Kabi AG), hemoglobin (Sigma Aldrich Co.), water, and furan (Lambda Physik) at various concentrations. Furan is a fluorescent dye with excitation and emission spectra similar to that of collagen, an endogenous tissue fluorophore. Spectralon (Labsphere SRS-20) was used as a reflectance standard. Measurements were made over the spectral range 387-707nm. To test the accuracy of the QSI system's reflectance measurement capability, we prepared nine combinations of intralipid diluted with water and hemoglobin. The three dilution ratios (with corresponding mass concentrations in parentheses) for intralipid were 1:9 (1%), 2:8 (2%), and 3:7 (3%). The three concentrations of hemoglobin were 0.5, 1.0, and 1.5mg/mL. We define the interrogated spot as a "pixel." The reflectance spectra were collected from phantoms, over 441 pixels over a 2.1cm x 2.1cm region, were normalized by the corresponding reflectance spectra measured from the spectralon to remove spectral distortions and spatial inhomogeneity due to the instrument's spectral and spatial responses. The solid lines of Fig. 2 show the resulting calibrated reflectance spectra taken from the same imaging position on different phantoms. DRS is used to extract diagnostic information: Each reflectance spectrum is fit (dashed lines) to the model described by Zonios et al. [20] to yield the reduced scattering µ s '( ) and absorption µ a ( ) coefficients of the pixels, with µ s '( ) and µ a ( ) of the form: are the extinction coefficients of 1mg/mL of deoxygenated and oxygenated hemoglobin, respectively [29] . As can be seen, the agreement between the measured and fitted spectra is excellent.
After extracting the four parameters, we obtained parameter maps across the 2.1cm x 2.1cm region with a spatial resolution of 1mm x 1mm. Table 1 The above phantom experiments only establish that A measurements scale accurately, and do not address the absolute accuracy of A and B measurements. This is because the scattering properties of the batch of intralipid used were not known precisely. The optical properties of intralipid have been characterized [31] , but from our experience, these properties vary considerably from batch to batch. To obtain the absolute accuracies of A and B measurements, we use QSI to measure a phantom consisting of 1µm diameter polystyrene spheres (Polysciences, Inc.) in water with number density 1.1 x 10 10 spheres/mL. For this phantom, the reduced scattering coefficient can be computed with Mie theory [32] . To evaluate the absolute accuracy of QSI's A and B measurements, we fit the We then use QSI to conduct a reflectance measurement on the phantom, using the same procedures as with the nine intralipid phantoms above, and obtain mean values of A and B equal to 2.12mm -1 and 1.06, respectively. The excellent agreement of the parameters measured by DRS with the input parameters in both types of phantoms indicates that our system is properly calibrated. To determine the accuracy of fluorescence measurements, we prepared six combinations of intralipid diluted with water, hemoglobin, and furan. Their concentrations are listed in . IFS is used to analyze the fluorescence for each pixel: Reflectance and bulk fluorescence spectra are measured from 441 spots on each phantom. The extracted reduced scattering and absorption coefficients are used to correct the bulk fluorescence spectra using the model described by Müller et al. [21] to extract the IFS spectra, which are the signals that would be measured in the absence of scattering and absorption. We used our published fluorescence spectrum of furan in water excited by 337nm light as the basic spectrum (see Fig. 3 (a) in [21] ) for our fluorescence calibration. The instrument collection spectral response, which is extracted by taking the ratio between the basic spectrum and the measured spectrum of furan in water, is taken into account in all our fluorescence spectra shown in this paper. Fig. 3 shows several bulk and IFS spectra measured from on different phantoms (with hemoglobin and furan concentrations fixed but the intralipid concentration varied from 1% to 3%). The data indicates that bulk fluorescence spectra vary considerably with intralipid concentration while the IFS spectra do not, as expected. The intrinsic fluorescence spectra of Fig. 3 are the same as the fluorescence spectrum of furan in water excited by 337nm light, which is shown in green in Fig. 3 . This excellent agreement indicates that IFS can be used to remove the distortion caused by tissue scattering and absorption and extract intrinsic fluorescence spectra.
Using one of the IFS spectra and the known concentration as a standard, we measured the furan concentrations in each pixel of each phantom by recording the amplitude difference between the spectrum from the pixel and the basis spectrum. Table 2 shows the average furan concentrations measured from the 441 pixels on each phantom. The agreement between the prepared and measured furan concentrations is excellent. The variation in parameters measured across the homogeneous phantom is less than 5%. Therefore, 5% is a measure of the smallest difference between fluorescence properties measured from neighboring points of an inhomogeneous sample that can be resolved by the present QSI instrument. Table 2 ). The corresponding intrinsic fluorescence spectra extracted using the method of Müller et al. are also plotted (IFS). The dashed green spectrum is the fluorescence measured from furan in water without intralipid or hemoglobin present. It is nearly identical to the red, black, and blue dashed lines. Note that the IFS spectra and the spectrum of furan in water all overlap, as they should.
Cancer diagnosis in ex vivo tissue
The ability to detect cancer using the QSI system was demonstrated using an ex vivo colon cancer specimen. Four histological sections were made at ~4 mm intervals through the tissue (indicated by dashed red lines in Fig. 4(a) , all of which showed similar pathological features (Fig. 4(b) is one representative section). Given that the lesion was macroscopically contiguous, it was assumed that these 4 sections represent the entire lesion. Boundaries of the entire lesion were thus defined by interpolation of histopathological features between the 4 actual histological sections. The area below the yellow line was classified as the region of colon cancer. The area investigated by QSI (enclosed by the white square) was 2cm by 2cm with 400 pixels. From each pixel, we extracted four DRS parameters (A, B, c Hb and ) and two fluorescence parameters (collagen concentration, c Coll , and NADH concentration, c NADH ). To measure the concentrations of two fluorophores at each point on the tissue requires a modification of the approach used for the tissue phantoms. As before, the IFS spectra were first extracted from the data. These spectra are a linear combination of collagen and NADH fluorescence. To extract the relative concentrations, the fluorescence basis spectra of collagen and NADH were determined by applying multivariate curve resolution [9] , with the 400 intrinsic fluorescence spectra measured from the sample. Fluorescence from the two fluorophores can then be linearly combined to yield the net fluorescence. To obtain the best fit, the following equation is optimized over all wavelengths and at all points. Here, I data (x,y) is the experimentally measured intrinsic fluorescence spectrum from point (x, y); I basis are the basis spectra of collagen and NADH. I basis is normalized such that its peak emission is 1. c(x,y) are the concentrations of collagen and NADH at point (x, y). Bayes' theorem [30] was used to develop a classification algorithm to distinguish between normal and cancer groups. The training set consisted of 16 normal and 16 cancer data points chosen from two equal sized regions of the sample located away from the boundary between normal and cancer ( Fig. 4(a) ). A two-tailed Student's t-test was used to compare means of extracted spectroscopy parameters between normal and cancer groups. A p-value < 0.05 was considered significant. We found that the three most significant parameters to differentiate between the normal and cancer groups are A, c Hb , and the c Coll / c NADH ratio. The maps for these parameters are shown in Fig. 4(c), 4(d) , and 4(e). These parameters represent three different types of tissue information: structure, hemoglobin absorption, and biochemistry, respectively. Multivariate Gaussian probability distributions were used to model the data. We applied Bayes' rule prospectively to calculate the posterior probability of cancer ("pc") for each of the imaged pixels. The prior probablity was estimated from the pathology image to be 0.5. Fig. 4(f) represents the resulting diagnostic map, constructed by using the threshold for assigning a pixel to the cancer group of pc > 0.5. The QSI classification is consistent with the histological classification of Fig. 4(a) , and it demonstrates the ability of our QSI system to distinguish between cancer and normal tissue in this specimen. The QSI system was then used to examine a suspicious tissue site, as determined by the physician using conventional white light examination, on the ventral tongue of a patient. This was the first in vivo measurement conducted with the QSI system, and more will be conducted in the near future. The purpose of this study is to demonstrate the in vivo applicability of the QSI instrument instead of making correlations. Fig. 5(a) is the white light image of the ventral tongue. The yellow lines indicate the boundaries between normal areas and a region of hyperkeratosis identified by the oral surgeon. Subsequent histopathology analysis of biopsied tissue determined the site to be a benign area of hyperplasia. The gauze (shown on the lower right corner) was used by the oral surgeon to hold the tongue in order to reveal the hyperkeratosis for interrogation. The tissue within the white box was interrogated with QSI system. Fig. 5(b)-5(d) show reflectance and fluorescence parameters measured from 121 points on the site over a 1.1cm x 1.1cm area in approximately 15s. Fig. 5(b) indicates an increase in scattering in the hyperkeratotic region as compared to the surrounding normal mucosa. Fig. 5(d) shows reductions in c Coll / c NADH in the hyperkeratotic region. This is consistent with the understanding that keratin reduces the amount of light reaching the stroma, thus reducing collagen fluorescence. This study represents our first in vivo measurement. Detailed comparisons between spectroscopy and histology in multiple patients in various tissue types will be used to provide accurate diagnostic image information, as well as insights into the correlation between QSI parameters and tissue state.
In vivo feasibility

Discussion
Current cancer diagnosis often employs visual inspection of a wide area of tissue (sometimes assisted by endoscopy), followed by biopsy of suspicious sites. As mentioned in the introduction, this leads to unnecessary biopsies and delays and inaccuracies in pathology. Quantitative spectroscopy (QS), which combines DRS and IFS, for early cancer detection, seeks to address those shortcomings by extracting parameters that characterize a tissue sample without tissue removal. The extracted parameters can then be combined to form a diagnostic algorithm to quantify the probability of the interrogated tissue being dysplastic. The analysis can be performed by computer in real time. Although QS as a contact probe technique is effective in various organs, it is essential to extend it to the imaging mode so that wide areas of tissues can be studied.
Theme of this paper is extension of QS to the imaging mode. Our QS methodology is a model-based approach that extracts tissue morphological and biochemical information from tissue reflectance (DRS) and fluorescence (IFS) spectra. The method is based on the correlation of tissue parameters with disease state. Many groups employ spectral changes to develop algorithms for diagnosing cancer without analyzing the underlying tissue parameters, can be used to understand tissue composition and chemical makeup. In contrast, QSI provides a method of analysis based on understanding the biochemical and morphological structure of the tissue. This information can provide more accurate and robust diagnosis.
Our spectral imaging approach of raster scanning small spots is distinct of those of other groups, most of which use full-field illumination [22] [23] [24] [25] . Although full-field illumination can be used for wide area detection using a CCD camera, it cannot be used to provide the desired quantitative information. Cross talk between spatial locations can occur, so the information extracted from one location can be influenced by neighboring locations. UV excitation power densities are small since the light is distributed over the entire area. This imaging significantly limits the speed at which fluorescence measurements can be performed. Moreover, there is a fundamental reason why we employ raster scanning rather than full-field illumination. To extract tissue parameters, A, B, c Hb and in Eq. (1), we need to measure the reduced scattering µ s '( ) and absorption µ a ( ) coefficients independently. However, with full field illumination, only the ratio of µ s '( ) and µ a ( ) can be measured. Use of a probe with small delivery and collection spot size provides a scale parameter r c ', for the measurement, which provides information about two dimensionless parameters µ s '( )*r c ' and µ a ( )*r c ' measured at each pixel [20] .
Our approach accomplishes wide field coverage by employing a virtual probe to sample a small area (defined as one pixel) of tissue at any one time. As discussed above, this probe has effectively all of the features of a contact probe, without the need to make contact with the tissue. We then employ raster scanning to cover a large area of tissue, pixel by pixel. This would not be possible with a contact probe. Because we retain the contact-probe feature of fixed delivery-collection geometry, this method allows us to directly transfer the data analysis procedures and results obtained from our contact-probe studies to our imaging studies. To the best of our knowledge, this is the first spectral imaging system capable of extracting tissue biochemical and morphological information quantitatively.
We have successfully demonstrated accurate extraction of tissue parameters using physical tissue models ("phantoms"). The ability of our QSI imaging system to identify cancerous lesions was demonstrated on excised tissue, and in vivo use of this imaging system was demonstrated in the oral cavity.
Several spectral imaging systems have been reported in the literature, with promising results. Benavides, et al. [22] have constructed a multispectral digital colposcope. Multispectral autofluorescence and reflectance images of the cervix are acquired using an inexpensive color CCD camera for in vivo detection of cervical cancer. Spectral sensitivity is provided by the three color channels of the CCD. Vo-Dinh, et al. [23] have used an acoustooptic tunable filter (AOTF) to select the wavelength of the tissue fluorescence image acquired by a CCD. This AOTF-based spectral imaging system can record spectral images at a series of wavelengths of interest to provide spectral contracts for diagnosis. Using a similar approach, Gebhart et al. [25] have developed a spectral imaging system using a liquid-crystal tunable filter (LCTF) to select wavelength of the tissue images acquired by a CCD. Both reflectance and fluorescence spectral contrasts were shown between cortex and white matter on the in vitro mouse brain and between tumor and normal cortex on the in vivo human brain. All three systems mentioned above used full-field illumination and collection with different types of wavelength selection mechanisms. The spectral imaging system reported by Schomacker et al. [24] studies cervical tissue, and uses different illumination/collection geometries for measuring diffuse reflectance and fluorescence spectra consecutively from a 1 mm interrogation region. For reflectance, full-field illumination was used, whereas fluorescence was implemented by delivering a 1mm diameter spot of UV excitation and collecting fluorescence from the same location. Full cervical scans employed 499 interrogation locations. Spectral differences were observed between normal squamous epithelium and highgrade cervical intraepithelial neoplasia.
All of these spectral imaging systems reported observation of spectral contrast between benign and malignant tissues in reflectance and/or fluorescence. Some also demonstrated the effectiveness of using this contrast in tissue diagnosis. This is encouraging, and provides motivation for further advances using quantitative spectral imaging modalities such as QSI for detecting early cancer noninvasively and objectively. As discussed above, QSI extracts quantitative information about morphological and biochemical tissue constituents that give rise to spectral contrast. This provides two important benefits: (1) Because the extracted parameters are tissue properties, the results should be more robust and instrument independent; (2) the extracted parameters have physical meaning which can be correlated with morphological and biochemical information. Since the information extracted is intrinsic to the tissue, the diagnostic algorithm developed using tissue parameters should be more robust and can be directly transferred from contact probe application to imaging mode. This is true even though the illumination and collection geometries may differ, as such difference can be taken into account in the modeling. Therefore, for the QSI study presented in this paper, we used the same DRS and IFS methodologies as the ones used in our probe-based studies. No changes are needed for tissue parameter extraction except for instrument-dependent constants such as effective probe radius r c ' [20] and the wavelength range used in the models.
QSI uses tissue parameters for contrast to give diagnoses. Knowledge about morphology and biochemistry of cancer as it evolves can be used to develop QSI algorithms and authenticate their validity. As an example, collagen in the tissue matrix degrades in cancerous tissue [33, 34] . Therefore, the scattering intensity for cancerous tissue should decrease, which is consistent with our DRS images (Fig. 4(c) ). It is also known that higher NADH concentration accompanies cancer progression (since NADH is a measure of intracellular oxidation-reduction states in vivo [35] ), due to greater metabolic activity of cancerous cells. Therefore, the concentration ratio between collagen and NADH should be lower for cancerous tissue, which is again confirmed by the IFS images in the ex vivo study (Fig. 4(e) ). Moreover, combining DRS and IFS provides more complete tissue morphological and biochemical information, which can be advantageous in cancer detection.
Conclusion
This research has demonstrated the successful extension of quantitative spectroscopy from a contact probe modality to a wide-area imaging technique. Its ability to provide spectral contrast based on tissue parameters has been demonstrated in the example of ex vivo colonic tissue. In addition, QSI's ability to measure spectra in vivo has been established. The current QSI instrument is designed to image openly accessible sites such as the cervix, oral cavity and skin. QSI can also be applied in an endoscope-type delivery system to image the hollow organs of the body. This offers the potential of using the quantitative diagnostic ability of spectroscopy to diagnose cancer, atherosclerosis, and other disease states throughout the body. In addition, QSI can readily be used to conduct margin detection. This will potentially reduce the amount of time the patient and medical staff have to wait for results from pathology and the number of return visits required.
Two future directions are being pursued in our research. We are conducting a clinical in vivo feasibility study in imaging of cervical dysplasia using our current QSI instrument. We are also developing a next generation QSI instrument in an endoscopic configuration.
